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Underground smouldering fires resurfaced early in 2020, contributing to the 
unprecedented wildfires that tore through the Arctic this spring and summer. An 
international effort is needed to manage a changing fire regime in the vulnerable Arctic.  
 
Wildfires are not a novel phenomenon in the Arctic, however 2020’s fire season began two 
months early and has been far more severe than usual. While increasing fire activity in Boreal 
forests to the south 1, 2  and an unusually warm winter in the Arctic 3 have led some to suggest 
that this uptick in wildfires was inevitable, there is still uncertainty about their source and their 
local and global impact. Here, we discuss how the wildfires in the Arctic are changing and how 
the input and expertise of local and Indigenous communities will be essential to determine 
whether this year is an anomaly or the beginning of a new fire regime. 
 
Early burning season. Wildland fire experts generally believe that extremely early season fires 
in the Arctic - before aboveground vegetation tends to be flammable - are caused by holdover or 
so-called “zombie fires”. One of the most fascinating aspects of zombie fires is that they 
represent a continuation of a previous growing season’s fire rather than a new ignition source, 
such as lightning or campfires. Zombie fires can smoulder in carbon-rich peat below the surface 
for months or years 4, often only detectable through smoke released at the surface and can 
even occur through cold winter months despite heavy snowmelt 5. These types of fires in 
general are poorly understood, including their impacts on fuels and emissions of greenhouse 
gases and aerosols to the atmosphere 6. However, if these fires, their increasing prevalence and 
large burn areas or deep burning conditions drive substantial emissions, then this would 
represent a strong feedback in the Arctic fire regime that needs to be considered by Earth 
system models or simulations of global biomass burning. 
 
Fire in fire-resistant landscapes. Evidence from 2019 and 2020 suggests that extreme 
temperatures accompanied by drying are increasing the availability of surface fuels in the Arctic. 
New tundra vegetation types, including dwarf shrubs, sedges, grasses and mosses, as well as 
surface peats, are becoming vulnerable to burning and what we typically consider to be “fire 
resistant” ecosystems, such as tundra bogs, fens, and marshes are burning (Figure 1). While 
wildfires on permafrost in Boreal regions of Siberia are not uncommon 7, 2020’s fires are 
unusual in that more than 50% of the detected fires above 65°N occurred on permafrost with 
high ice content. Ice-rich permafrost is considered to contain the most carbon-rich soils in the 
Arctic 8 and burning can accelerate thaw and carbon emission rates 9. Burning of ice-rich 
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permafrost can form overhangs and tunnels 10 leading to subsidence, localized flooding and the 
formation of permafrost thaw features, in particular lakes and wetlands (Figure 1). Such 
landscape features are also associated with large fluxes of permafrost carbon to the 
atmosphere, mostly as methane 8,11, further exacerbating climate feedbacks.    
 
The challenge of detecting change. Current modeling tools used to predict biomass burning 
around the world often cannot be relied upon in the Arctic because of lack of data on ignition 
and fuel types. The severe 2020 Arctic fires emphasize the urgent need to investigate the role of 
holdover (zombie) fires versus new ignitions in driving Arctic fires and to efficiently assimilate 
this information into current global satellite products and emission databases. New tools and 
approaches are required to quantify the influence of zombie fires on surface burning and their 
sources – whether they are caused by severe late-summer surface fires in the Arctic, or point 
sources such as campfires and pile burning.  
 
Satellite imagery could help map the extent and timing of surface fires, but ground-truthing data 
needed to interpret those remote images are sparse. For example, monitoring changes in 
surface elevation and inundation over time following these Arctic fires will be useful for 
understanding the resilience of ice-rich permafrost to a changing Arctic fire regime. But not all 
Arctic fires will influence carbon emissions in the same way and it will be important to 
understand where old legacy carbon stored in peats or permafrost is vulnerable to burning and 
post-fire changes in the environment 2, which will require in situ, specialized knowledge. 
Similarly, current approaches to monitoring biomass burning are focused on aboveground fuels, 
while detection of belowground holdover fires remains a challenge. While new geostationary 12 
and polar-orbiting satellite products 13 may help improve the detection of holdover fires such as 
those observed in the 2020 Arctic fires, in situ and local information 14 about what is burning and 
where will be vital if we are to incorporate these high latitude fires into our global understanding 
of fire activity. 
 
A global call to action. It will be a tremendous collaborative, inclusive and multi-disciplinary 
effort to tackle the intensifying Arctic fire regime, but it is one of critical importance. We will not 
understand how the Arctic fire regime is changing without interdisciplinary collaborations 
between various knowledge holders. Addressing the gaps in our current understanding will 
require critical input from Indigenous and local communities and collaboration across scientific 
disciplines. Local communities have the ability to access remote locations and enable invaluable 
long-term in situ observations, including signs of holdover fires during winter months, guiding 
coordinated research across the full range of fire management, fire ecology, and fire-climate 
impact communities. 
 
Changes in the Arctic fire regime will have strong feedbacks on global climate, but to what 
extent will not be clear until we better understand the dynamics and full impact of holdover and 
surface fires on carbon emissions. International and interdisciplinary coordination will be 
essential to monitor rapid changes in this critical ecosystem, but Indigenous and local 
communities who are the first to experience these changes must be empowered to lead and 
contribute to these coordination efforts. Existing intergovernmental forums invested in 
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safeguarding the pan-Arctic and involve Arctic Indigenous peoples as permanent participants, 
such as the Arctic Council, are well placed to shepherd forward a pan-Arctic fire monitoring 
system. This will require monitoring networks spanning ground-based experiments to remote 
sensing and Earth system models, driven by knowledge co-production with Indigenous, 
traditional, and modern Arctic communities and economies.  
 
The burning Arctic is a global issue that requires a global solution. While the expertise of the 
Indigenous communities of the North and Arctic nations will be central to any success, we 





Figure 1: Composite satellite image from Sentinel-2 (true colour composite with MWIR overlay 
showing location of active burning in shades of orange).  The image depicts a number of fires at 
71.32°N, 144.49°E (Sakha Republic, Russia) on 25 June 2020; a scene that is typical of dozens 
of fires burning across tundra ecosystems in June 2020.  Thermokarst bogs and thaw lakes also 
are present on this landscape with nearby smouldering, suggesting direct relationships between 
burning and permafrost thaw in this region of cold but ice-rich permafrost.  Image processed by 
Pierre Markuse (https://pierre-markuse.net/). Contains modified Copernicus Sentinel data 
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